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(57) Abstract: 

PROBLEM TO BE SOLVED: To crystallize a ferroelectric 
thin film by coating a substrate with a precursor 
solution containing the constitutive elements of 
ferroelectric thin film material, drying the solution to 
form a thin film, subjecting the thin film to heat 
treatment to form a ferroelectric thin film, and then 
heating ferroelectric thin film in an atmosphere of 
specified gas pressure. 

SOLUTION: A film is formed using a precursor solution 
containing Ta, Bi and Sr. More specifically, a substrate 
having a lower platinum electrode 4 is spin coated with 
a precursor solution. The substrate is then mounted on a 
heated hot plate and baked in the atmosphere. The 
filming step is repeated to form a ferroelectric thin 
film 5. Subsequently, heat treatment is performed, as 
first baking, in an oxygen atmosphere of atmospheric 
pressure by RTA and a Pt upper electrode 6 is deposited 
using a mask by EB deposition. After forming the upper 
electrode, second baking is performed by RTA method in 
an oxygen atmosphere of 10Torr which is lower than 
1atm. Second baki.nq is performed in order to 



crystallize the ferroelectric thin film perfectly. 
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[HUB] #»ww\ j*KiaaE«>ffia-fkxt5«[i*iBfb, 

A«Sr-&tffltfKfr»ffiSri6*i- SXS (S 1 0) t H m 

««*»iBis:»j«-rs*i<oi»fiiaxe (si3) 

(S 1 5) b%^t? 0 



$13- 



SIS- 



SI- 



Ta(OCgH 5 ) 6j 



S2^ ^~ C7H15OOOH) 



S3- 



30^ 



S4— ^ Sr(C7H 5 CQO)2) 



S5- 



JL 



30^ 



S6--v- Oi (C 7 HisCOO)7) 
S7- 



S8— 
S9— 
S10- 
S11 - 
S12- 



10-20 tela 
I 



0,45 



0.1 M/L 



3000rpm 20sec 






I 


£*»1 

100-130X; Smin 




I 


ft* 2 

230-260*C &nin 







60Q1C 30nin in 02 760Torr 



X3 



400-750*0 30miq j n 02 1 0Tarr 
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[#fFff#<D$5ffl] 

mm»mm *m$s-f s is t , 

2 0Tor rHT^Sri:Sr#S!tt5f*9 
^J^. 2 T o r r JM_L 2 0 T o r r «TT*fc^> i b £r# 

0 0tH±6 5 OtKT-CfcSrirSrWWfci-SIf*^ 

1 3 (OV^tb^ 1 5^fE*co^pm#:#^^cojK 

ummm t ^m^m^mmmi^mmm^^^x, 
mzmmmfcmmtK 700 aetf© tr 

[IMS* 7 J -o<Z)^^ S^fl! h7^^^0(D 
«:« 5 IB 1 <0#g»£*j8£ , mm 1 <0^i*#:»^£rj?;# 
«5*tfc±(B««iSr«*.fc^#^^si«J6Sr*U Iff 

& #® 4: -r z> mmmfc * * y 

i^frg^^ S r &U?B i T a JfcfctT i 

5 if 7 (cfleilK<o9MI1itM ^ y 35^. 
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[000 1] 
[0 0 0 2] 

Itt^llLTDRAM^MMI Cm**s<is#\Z.k. 

[0003] ^^(o^m^m^^ ^m^<D^x 

5afiR«fr^F#5H4p«^y (FRAM) <OHJ38i&SffiA/-C 

<Z>« I* SRAM^DRAM«f5f 

***.tBTffi*^^y 4: It, mmjkKfart<Dffi$ZM%t 

[0 0 0 4] ^©j:5*f/W^li»c^ a^ffi 
(Pr) dS*#<^ott«» (Ec) ffiy- 

^y p v-t*{z.m&1rZ>fctb{z.mm2 0 OnmKTOlB 

30 T±iE<D#tt8rS6ii-*-<& r. 4: LV\> 

[0 0 0 5] ^LT, ^tbe><^ffl^tcffiv^^>t^,53fi^« 
fWJfftLtlt PZT (^^i^/l^^&h Pb 
(Ti, Zr) 0 3 ) lZftm£tlZ>'<*'7x%>f hmi& 

^-r-5 G r^Mi, y-^«^if^bfe>9, m^m 

[0 0 0 6] :w:»t, 3fi^, ^^^JittfllJt^ 

1 9 5 9^:, Smolensk! ifeKJ: ot 51^ 
(G. A. Smolenskii, V. A. Isupov and A. I. Agranovska 
ya, Soviet Phys. Solid State, 1, 149(1959)) , ^(D^ 
50 Subbarao^J: 5l¥JW**IW35 s *S*tfc (E. C. Subbarao, 
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J. Phys. Chem. Solids, 23, 665(1962)) „ ftjfi, Carlos A. 
Paz de Araujokte, i ©fc*^^;*/f ^Paf-ffc^*^ 

(International Application No. PCT/US92/10542) 0 
[0 0 0 7] Sfc, 3SfS*iI©K^ftl:!l, 

XfiMOD (Metal Organ icDecompos it ion) &, MOC 
VD (Metal Organic Chemical Vapor Deposition) ife 
<$©flS*W;fr8tJWBV''k;h/rV^. 
[00 0 8] _klE/&^&l©4>T\ /^^SX»MOD 

[0 0 0 9] -hfBh'^-^^Jl^S^k^SMO 
^^tLtli, MOD*£3SfflV^*VC*5!K ££#:© 20 
MODftC^/at^fli TSE©<fc5fcX©-?3&EI 
«fl=JWIlX tmm#mm#W& £ *u3 (International 
Application No. PCT/US92/10542, PCT/US93/10021) 0 

[ooio] i) ^r/u^vm^bti^mmi^mm 

* * tr > = - b S^TS^ Jifcfc* jfclR-r 5 x© 0 
[0 0 11] 2) <OX@^3o^TKJ&£/£L 

i5ott?3 08>a»e>##Hu #e>ixfe«ttio!iMe«i-*- 

[0012] 3 ) Kf ©*^##«r*tf^KUfei-<&fc. 30 
felCRTA (Rapid Thermal Annealing) ffitrfflV^T^ 

[0013] 4) »s*ji*ft<fbs*ifc«>n:, mm^mm. 

0 Ott 1 B#K, *P$l*a«1--5Xg 0 
[0014] 5) -h*«K«r«MSLfcflL St^B^f 

-C8 0 O'C'CS O^RS, JBiWltltSlS. 
[0 0 15] ft*5. @fS©M^:Sr#Sfc«>tCtt. 1) ^ 

t>3) ©X©&-itt»)jgU *^{-4) , 5) <DT.m&ff 

[ooi6] w-ho-fc 5 Lt« %ammfr&mxi$ffim 40 

fMWRSrtliSi- 5 r. t a s -C# 4. 
[0 0 17] 

<fc 5 *tt*©MODffi|cJ;S»R«fl:J*l!l©Jli3fc6fifefc 

84) ) Kxz&mmmiittt-* e 5otj£tT©ftj*» 
era, 8 o o < c&ffi»Tigtfa-e, i mmbcD-gmmtom 

W^MT^iH^^h^tc (International Application N 

o. PCT/US93/10021) 0 r©fcft, fift!)S20 00At 50 
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*©**S©fflfclKfc::fc»>» y-^lWt|*t5t* 

[0 0 18] ^©MODfe|I*5V>Tli, — Ih]CD 

h ^5y^*t»^i"S*:if©IBH*5fcSfc», —El© 

xt-y=- h-cWk^s^JlS-i o o oASkTiztez si 

5fcw*fl««©awe&n«ELTv^fc 0 aot. ^20 

0 0 A ©^j? -5 ft tilfcle] oMlg^jKS £ 
[0019] -# s 3&pSfl^ff3H4y y «rffi£8Mb 
>X.-W&&%> (S.Onishi et al. , IEEE I EDM Technical Di 

gest, P .843(i994)) „ t:5#, mmm.^mm^m-i^-r 

i««i:©*Bfc*srj-Sffiait»^ *y 

iyy =.i/^©=>>-^^ Y-7=7ifttPr<Dmk, =*~f? 9Y 

IHH«s*>4. r.©fcft, tS?fi{^B#raH^.S«ffi^i|£)-^ 

±3**^>*»#©»ie3*:*;*<jfe»K m^*ii5«ffl 
«;■*-.&»£•©»*& *oTV^ 0 ftoT, 

mmtt. 9 t>^b-cbtea©jRft!«-ca«P)teW4 

**»fc*tS£ fca*S*LV\, ^©IgtLT, 9ft0itt# 
SfBlW^asafttt, 6 5 O'CWT'Cfo-SiK^SfcSo 

[0 0 2 0] *&Wte, JbeiHUHSr«Bfc-t-5fc«>^** 
Hfc1,©t**)oT, f£*©ttff!*#*j|^?©9K&3r& 

[00 2 1] 

±S15««S t ^Jil#{c^f ^2>3®M*^IK^©«lj£*r 

mmmsm st*ps» u r »he©* * i»* u r 5 x© 
1 ©iteiigt , t©»»«i*:aiK±fc±i»«fli 
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[0022] se>ic, ##bu-ch\ ±m<Dmmmft»m 

2 OTo r r $XT k LTl>£ 0 
[0 0 2 3] $e>(C, *5SM"Ctt, 

2TorrHl20Tor rHTi:LT^ 

So 

[0 0 2 4] £ *38MT?tt, ±|B<O^SI«#:«^ 

Srs 5 0 0tK±6 5 0t«TJ:LTVN§ o 10 
[0 0 2 5] Sfefc, ±IB03fiBI«#:»JB! 

[0 0 2 6] ##W?W:* aS±KT««««i: 

BSf^fcSsv^T, ttK«#MR#*, iMiSW7o 

[0 0 2 7] ~-o(0*s{ y^mVJ^V*? 20 

&£tifr¥mft^±&m5mi<Dmmffl$mk* ^<o 
mt, *<D»mmimK±izM!gt£tiit±i«inMk$:m 

[0 0 2 8] SfeK, ±E<D»»S«fM 30 

fl^feSr, SrMBi^ TaX«:Ti©/>ft< 

[0 0 2 9] _b!E<z> J: 5 fc\ ^BB0&Km#J«KX? 

©»it*j£"ett, yV^;v£XfiMODffi{a§»ll 
^SKai^oJKagi'fe^jsv^r, 3fiSI«fls:»K*j*3|S|.<Dj* 

TAiP*ftteaxSS:*l»LT, Sfc*ftj»XS*»IiI|ft5 

50 * 
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[0 0 3 0] 

i <ommz.mm 2 o o n m<z>-> y a ^n&BMfciR 2 §r 

ff^&U -?:CD_b(C, jii?3 0nm^)Ta|g3, KJS 2 0 
0nmOPtl4 > J^®2 0 0 nm<7>3fiR«fle»|RT?& 

5 , JKflC lOOnmOPt X^5«ffi 6 flS. ^tV^JlI^ 

^fi£Sttrv^5o **5, v y a ^n&SMbiR 2 

Sftfcfc^-CfcoT, :«:Ru0 2 ^Ir0 2 *i^ 
SIWttafkttlRfeiffirfllV^rtav^o ^tt, Taj^3 

v' y ^ 2 1 p t n 4 ©«t tt^#i it 

[0 0 3 1] JJcfc, 0 1 fc«i-3ftW«#:}»M*^ o»iS 

[0 0 3 2] *-#\ nl^yaylftl©^ j^/J 
^2 00 nmOv^y ^yiiM2 eMt^c **5, 
***(0»«8-Ctt, i^y 3^!ttlMbK<om*jSfei L 

y ^ >st 1 si^ 1 0 0 0 1 twt t ^ r t 

(c, 0nmOTaBi3Sr^^3'^&(c:J:9^jBie 
U §^(cr(7)±C, Jf^J2 00nm©Ptl4^ 

zti&mmn{*nmf8tfLmJiRkLxm*z>o 

[0 0 3 3] r^lCSBTiBse^t 

m$%m\s^xm$L±ic&wmftmmk usb twms: 
^i-5xssrig 2 <Dxmm&&m L&a* ksagj-f s 0 
[0034] wsmftm0i&!£<omKmwk tr, ^ >^ 

A^h=^>K (Ta (OC 2 H 5 ) 5 ) , \f^^- 2 ~ 
^/W^f^-h (B i (C 7 H 15 COO) 2 ) , RTf 
^fnVf^A-2-xf/i/^f^|s (S r (C 7 
H,COO) 2 ) Srttffl-re o ^^^y^ h^^KSrW 

Ur^S2) , RfcZimZ^Ztctb, 10 
ot:^fo*Kfflfti 2 ot*^ipj»L**sfo«j$L, 3 

05>MS^^^:S (^f?//S3) e I2t"? 

C0^ygtc2 0m l —3 0m l ^^v-l/>-^^$^:^^ 
ha^^^A- 2 -^/W^lM^ h^Sr /T a = 
1/2C^^J; 5 (CiSfflAPx. (^7^7 P S4) ,125 

y?S5) o :^il:i0ml(D^>i/y[: 
»*PSii:fctr^^^-2-3c^y— /U^S r/B i /T 
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6), 1 3 o»tftBisi 5 ot-ei ommtomm 
w-tz> (xT^ys 7) 0 

[0 0 3 5] Hk^, r«^?,®^i07;^^ 

1 3 5 0t<DlST*5 f5o ^(O 

^M^e>^ h%mm-&tcm^ 0. 4 5jumS(07 

r B i 24 T a 2 . 0 O 9 . 6 COJta§r 0 . lmol/1 t^fl 
«U rttSrf(fK#:S«t1-5 Cx^s^S 9) 0 ft 10 
is. ^ixfe(Oja^tt±fB<Ot(0(clS^SitSt<o^«ft 

[0 0 3 6] #cvvr\ ±IBomjB*WS«Srffiffl U HT 

^><t SftXS-ejSMSrfT^o iiUcTSpaMi4?r 
«FoSf±|^ ±fBffirJE#S«£ttTU 2 0M3 0 

0 0 r pmWtVi^ (^Tiy/S 10)^(0 

1) o *0>JK. «j»Sr*S-^ii*^:Sfc«>^jaSiBia* 20 

1 0 0C-1 3 O^^Sr <^*?i£L<, ftfiftttjft 

[0 0 3 7] ^ErOD^, ^£fc*tt&##£*5fc». 9 

2 5 0t-3 0 0 tSS^lfitfT 5 r t L V \> 30 
r<Oj«MXSSr3IiI«l9iEU BW2 0 0 nm©ai»m 

[0 0 3 8] ^<£>^, ftlfttftttRTAft^ 

t, ^c^jEie^sHst^e o ow3 o^ra<Dnateasr 

fTl^ Uf^^S13) , EB (electron beam) Mm 
ffif-<fc9, (gf2 0 0nm(OP t J:«B«ffi6 «r^*^ 

(1ft l\> 

[0 0 3 9] Scfci, ±SB«ft?gj«« % !B2!R/a <#& 50 
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/&) tU, RTAj£Sr^V\ 10Torri|?K 
^4 0 0t-7 5 0tt% 3 0ft<Dm&*nb (*~r 
'^S15) 0 :^2«lt 3Mfl#9R^« 

fSRTAffi£r/8^Tl OTo r riSfffl^ftMSr 
fTofcj&s, RTASW^(cl^ffiJ:i9®VN^f^JE^#ia 
« * "CfRteSdS -C $ 5 & -e &Jh,tfSI?S Srffl 

^V^cD^ffitt^^^^pg^5^co2«^_h^§ 

«#:*Mof^*fSr^Ti-5 (^r^/S 1 6) „ 

[0040] 03, 0 4, M05tt, -tytcDStiftXg 
fc± 5»fo^fcK©*2^fflatc^5»»««^^ 

[0 04 1] H3tt, R(DSHI»«P r <DttSr*-r^^ 
y-e#>3o *2^®ft©ffiT^#V^P r 

S?2^?a«*s 6 0 0tt^4 u C/cmm^) 

cOfeim#E c <OlBSr^t"^9 7"Cfc9 , 5 0 0TO±T* 

«^2jftj«aaE^iae>"rf$ff— ^<ofisr^bTi^5o si 

Sl^tiSi^ifiQ^, EI3fc^LfcP r tKICJ: 
5 f-, »2«l^a«(cfe#LTJtJPL, I2«lfi^ 

[0 0 4 2] 06, 07. RtfH8tt, ffS 1 6 

o ox:-e^i±^*#[a^tf-e3 o^mr^-/u^ 

V\ ^2)^/&£l OTo r r®i#H^^6 0 O^^ 

Mtt^t^7 7T^S 0 Z.tlit><D?7~7\Z^ 06, 
0 7, XtfEl 8 J^tvm, Pr, Ec, ^U^SQOft 

V\ Pr, Ec, RXf8 QdSppiP«BE3 VgSd^filP 

*P«JEEfcl*3^T\ ^^COWEEtOJE^SfcoTt), 

[0 0 4 3] H9tt, Il««6 00tT^ra 
*#H^^-e3 0^MT^-/^Sr^TV^, ft2«WKS:lO 
Tor rt^#ffl^tft6 0 O^T^ 0^><OT^— /V-«r^ 

[00 4 4] @10ft 3 VTO0#com2^M«^ 
2 ^MftfClS ?)f 6-9X10 6 Ay c m 2 



9 

[0 04 5] Bint fl^ittrtiaseoot-e^ftEE 

0 T o r r &5K3£H«*f> 6 0 0 XlX 3 0 ^7^^-;^ 

/£?MS^6 0 0X:<Dh<Dtmm, 7 0 0AHT©*:R© 

6 0 O^T^JE^^ffl^^^S O^KT^^^fT 
V\ »2ggJ5KSrl OTo r r cO^#H^^ 7 0 O'CT 

500-5000 A<Djg,S*fcas#SE U fl$ 2 

7 5 0 < CcDt>OT*[1^2^?M*^ 7 0 0T;<Dh<D£ Y) 

wr 7 0 0 AKT<0««©teatt^foj«5iR*ft|R3&s» 

[0 0 4 6] Xj»l3*f^te*, 5 0 0tK±^2M 
H"Ctt, SrB i 2 Ta 2 09©^fsir^oTV^ 

[0047] ±mmi<omm<Dmm<Di:mmti,x, » 

*o»5S*8fe*fflv^TSBT««(Sr»j*U Hi in* 

[oo48] huh:, 11 1 fr^&timvmm#*q> 

tfrnm, Ri£^<ommftmm%m\<^xmm±\^mmmfo 
mwht its b Tmm&mf$i-&&m<Dj:n$:7F-fmx 

[0 0 4 9] *Jt«^fcfc*tS»»«#*M*^©»[3ft 

(^^V>T, Strait l<0*J6(DJg«|i:**5^tt, SB 
T*J^CO^^cD^2^^XmoO^T*fc5o 

fc*frLT. Jt«#Jtf> S2MHT, R T A 

m%mv\ ^sis#a^^6oo-7 5ot:3o 

[0 0 5 0] 11 3, HI 4, RXfSil Sit. Z<Oltm 

£3 Vi LTtTofc^coi?fo^ 0 
[0 0 5 1] H13(4, i©»f^«P r coffi^^f^ 
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U:Prfittft»|:»/)>L, 7 0 0 < C«TT*fl2 // C/c 

m 2 KT^^^/jN^vMe^^i9, 6 o or-eimi^ 

MW>kkmi~Z>h, «El©HJ6<D?g«|-Ctt4/xC/cm 
2 £*_h<£>P r1BSr»5©^2«ijEifcjaStt6 0 om 

t6-c*>ofcas (0 3#i) , jt«^m*«f 2 7 

3 O^Wi-C^V^ 4 /x C/cmm^P r ffi«r#5> 

io m 2mj$^&<Di&mk$:m$Lxzx\,^z> r t tm^x 

[00 5 2] H 1 4 , fetm#E c cofff^ 1X^5 9 , 
6 5 0tK±^tt»2^ja«fcHfcrKff-SOtt* 
*LTV*5 0 g|l 5t^f^tt#45 Qtt, |13C 
^LfcP r bmt£ I2MMS7 3 Ot^I 

[0053] Bi6it 3 vmm<Dm2m^mmKM 

20 o oic-ettffiTffifRi^^s^ 6 o owhwtmgm 
&&mb/vb^£t£\s^h<Dxfo% 0 

[00 5 4] B17I1 miffiJ&mMG 0 O^T^^JE 

mmwmn*px3 o&mT~-/)/$:ft\,\ m2>mj$%^ 

$t£E»*»H$E^ 7 0 0tT*3 0 5)OT- — /WSrfxofc. 
ttU Wt\ 1500-9000 A^^3KcO#&^# 
[0 0 5 5] S^oV^T, fttf3£0 

as i <om-m<omiR(o h<ob ^mm<D h<Db Jt*H- £<> 

30 «fi£<D *5 *K » l «/ftS& 6 0 0tT^l±»fi 
$CfT?3 0^raT^-/W^V\ Jg2ife&£rl OTo r 
101*^^7 0 0X1X3 0#(DT~— /I'&frofc 
f^SBTMfilfi^s 0 0-5 0 0 OAxfoo 
fed*. *Jt«Mt?^±IB<Oi*5 9 1 500-9000A 

mm^Tjk-rm^^^x, m2mj$.<z>&m&#xjEti& 

<fc*l«, *2*^l$iffiJ;9ffiV^^ffi^#H«T?fif 

[0056] jjci^-c, sse^ffip rtt^jaff^t^s 

mM<DMm<Dh<Db#tmm<Dh<Db&m-rz>o w&<d 
m i <omt&<Dj&m\z&^x * nttM6oom 

^t/EEK^Haf-ca o#far~-/v£fifv\ ®2#£/£ 

£r 1 0T o r r 0^#ffl^*6 0 0t;-C3 0&<DT~ 

-sis%n^fcm&<DSBTmxte, m3{^^tcx 

Prf»4. 2 M C/cm 2 Tfc!), ^IS#7 0 0 
50 AJKTt?fcofc 0 ittSEWJC*3VNT, Prft^m 
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jKjaSr^cSCBEK^SHfit* 7 3 0<C-e3 O^OT^— 
SrfTo a*P r ffi=*&4. 3MC/cm 2 -Cfo*9 
(il3» , -OSBT««ffiSr«»LfcJie*Je<D 
# Sttl500-9000 ATfco fc c rfr 
feSrittt^Si:. *l©llllS^ffi(Dt<o<OK5^ Jfc 

fab* msmmop imm tws BTm<Ditm^ 

[0 0 5 7] XHmtf<omSk, JttfcMfcliSl^T, 6 50 

< CW±<D^2^ia*T*f^, S r B i 2 Ta 2 O 9 C0#^ 

it/iotv*^ 6 o oxi&Txtemm^Msiktem 

[0 0 5 8] «_L<DJ;5{-, ffi*0>»i6#8s-Ctt\ J£2 
Jg/Si&ftSrTlf 5 , P r N 6 Qffi(7)t»^«/> t y - 

v^^ff ^#B^-??r 5 r k M J: 9 ^ 2jfe&M^<£H£ 
6 5 0t£(TT«ift:^^y fc LT+5>fc#*tas#e> 

fflfb^n»T?#, v-?mm<vmm*»jmktez>k& 

[0 0 5 9] KT, *»WKJ:5»2<0*J|||©Jg«IKo 

J; sfflf 2 ©Hlte<o^ffi-e*>5gfiis«fls:^ y ±/u<ow 
aM8«#j>< ^ y i?/w*. m i *iav' y = >mm 54© 

K»4 2i:, «IHJ&ilUR4 3. 4 4, 5 1, 5 2^ ^ 

46t, p t raw* 4 7 k, mmmwmm4 s k, p 

t/^Ni49t, Ta 2 O 6 /^7»l50^ A 
1 t> hM5 3 i^^ix.TV^5o 

[0 0 6 0] jjc^ r<o»f|«^^y-t/Ko«iS^i5fe 
fcov^, 01 S^bfcWigoSftRWflcy^y ©»3ft 
*j£OWSr*t1ftMia-e*)5iai 9£JSvvrRWi-5o 

[0 0 6 1] 01 9 (a) K*tJ:5K, y^m V 
5 ^ Sr^tfpOMO S F E Tfl^JcICfSlC <fc 19 fl^fc 

^/tefS:ffl^4 l fcffittl-4a#©*^*n<c>* hyy^7 50 
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WWtlfc#y ->y ^ ^§rffl«>3£A,*f«, 
»CMP (Chemical Mechanical Polishing) 2fcfc: 
±9, 1«I4 3 ^#y v^y ny/7^4 

[0 0 6 2] #cf£ x 019 (b) fo&'tX 5 tel. T i N 

0 0 0Aitfl|LTTIfB«ffifci-5o -CDTSB 
WttJLtC, ^il#:SK4 8^LTSrBi 2 TaA 
»JK 0»T* SBTfii»f) SrJ&tfL-t&W&Z 
^ S B T»JSSr^i-Sfc»{CffiV^smJE#:»^^^ 
/ifcfrSu XVc:<oSttBfls:»«Srffiv^T S B T»KSrj^fc 

[0 0 6 3] ^HM^SBTl48iP t TSB«tt 

4 7 t T i N/^7^?;H4 6 Sr42t*P<03fc h y y^y 

ffifc K7>f ^^^-^^ffiSr^V^, 3. O^m^O 
*t^»XLT, 019 (b) tc^-TJ; 5*^4fcfc-r 

fitfflUfc^a«, S B Tffid 5 A r k C \ 2 k C F 4 k <D 
S^tf*. PtTMWC 2 FeiCHF 3 tCl 2 ^ 
TiN/^7^^Cl^tfc5 0 r 

0 . 1m mHTWi^r tfST£ £ o 
[0 0 6 4] 019 (c) (C^tJ: 5 JKff3 

0 0AOTa 2 O 6 ^y7itK5 0 £>&*ge>;*^s^j£ 
05^T±£;«U «5l*t\ ^ffi^J^5 1 4: LTJ^iSl 

5 0 0 A^v-y 3^«-fbKS:^*P(Z>CVD«fe^Tlia[ 

u s BTK_bfiS5^4p<z>2j> h y y^y^fe 

[0 0 6 5] ^(C, 019 (d) l^~t£ 5 

0 0 OAcOP t±g|J««*^©^^^^ife(cj;0^ 
U <^*pco^ h y y^^^^ffi^ Yy^^v^Jfm* 

ffiV^iDILT/wM4 9^Ucf, g2<^)»I 

1 LT, RTA&^fflV^T 1 0 T o r r cO^lg^H^tf 
T?6 0 0^3 0^^co^3g$rtTV\ SBTIKSriftft 

teZ>^ktef£froti 0 SBTJK^IKiPSrjBflftLfc 

200 0A-efco/: 0 
[0 0 6 6] *<o«, ^©^PS-fka«t2:J:0 CVDjS 

<D* hV Vtf^y^fck Vy^^y^^m^m^X^ 

b*-/w£^U <^*acoA 1 ia||SWS^fflv^ 
Tlf7«5 3^«U 01 8(c^LfcJ; 5*3S(R« 
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[0 0 6 7] ^©J: 5KLTJKj£Lfc&»SfM*y-fc 

&m&m? r » 5 m C/ c m 2 , 
Ecl430kV/cm (0. 6 V) ©fi##^t*i 

fc 0 *fc, BUPttffi3 VT?!J— ^mSKOffiSS, 5X10 
[00 6 8] 021li, SJE 3 V N J^jgife 1 MH z ©'< 

■7 hLfc^77ffe5„ 2xiO"t^^;Ki5^Ifig 
[0 0 6 9] «T> *»WfcJ:5JB3©30fe©»«H:o 

tfrie©^ i (ommmm t mm&gnmnfcmmm^ 

teov^T, S B TK*«^-f SiBfitt^ ©**IS*«t6 
£#Wtflf*fc©H««rRWrst ©•?*>*. 
[0070II3 ©HJS©^©3fip«#:»Km^^ffF 
ie©^l©Hm©^SitS7rf:S^i±, Sl©Pt_hSl5m 
®6©ff^^2 Ai m^©^mi-^SiLfcfe©t Lfc^^c 

[0 0 7 1] B2 2H ms<o$gfo<offl&<o**'<*s# 

iiOl 0 0«Blf-t?|||SLfct#©SBTl!l©ft*3B* 
ttff 5 VBISffif A 6 Q <D'<7 y * ^ L fc fc <o -e 

IS (a) 5 Q<D¥%}i& ( 5 Qave) T*#Jo 

fcttSr^U *ttttSBTJR(0*^:J|ga3K&Sr^o 0 
2 2KU:jft,tf, ft^jfeftfig^ l 0 0 0 A i 9 /h*v« 
mi a / 5 Q AW as 1 0 %KTTSilft 6Q(0(it 
o#ds#»^/hS < , *^Jgft3KS^s 1 0 0 0 A£X±<D 

*>cie*3ea^ 700 AjKTo»*3fcBi^# 
t>^5coT% rot #3asl«#^t^o^ie>o^^^$^:^^f 

«\ »2*Sj*fflStt5 0 0^—6 5 ox:<D$&mxh&z. 
[0 0 7 2] HT, *«MKJ:Sft4©Jttt(0»llBfco 
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ffti£<£>ftl OHfficO?f^CD|l!2(D^^5/^ , S 1 5 
fcljSlvC, ft2g££)c tU, RTAS^ffl 

V\ l-7 6 0Tor riifffl^flCT, 6 0 0Ct 

A (SS2«5J5fcJi;*0 cD$5ffl«rl — 7 6 0 T o r r k Lfc 
£>tt, 1 T o r r O 1 1 I^Silfc S B TR^»Rt 
'fe&mk Asl*&£ftfr<>it<D'VZ.irb&TV&k U ^JQE 
10 T*£>£ 7 6 0 T o r r £r_hP££ Lfct<£>-Cfc6 0 

[0073] 823, B 2 4 , B 2 5 _h5£©« 
i&XSKJ:5#fetufc|R(0*2«^<0«Hft^flE* 

[0 0 7 4] B2 3B, *2«MftO#H»^f^£E* (ft 

2^£E^) ^Mir&m<Dmm&mp r vrnz^i-^? 

:7T*fe6 0 #B$C#*JGE;^7 6 OTo r r Tfl^tA. 

§iPr {fiteit* U OSTor r k ft 

Z> 0 EASTor rOi#^MftPrfl5. 5^C 
/cm 2 , tttfEc(125kV/cmh 3fiIS«#:^ 

fe, »2«*<0#B*l^JEEA «2MA) *2T 
orr — 20Torr 0|SHT*fctb« N Prtt2. 5/i 

'So 

30 [0 0 7 5] H2 4I4, ft 2«^(D#Hm^^/£^ (ft 
2*fe5liffiA) ^tSl^SWf 15 Q(Oft^t^ 
77t?*5. WWlfiQtat^SPri:^ # 

H^^JE^^y 6 OTo r r ^6>{gfPt--5 t ffi^it^: 
H^/5T o r rttffi"Cffi;*;fc/j;!K -^nJ: 0 S fejd 

^IttSifi Q«l 0. 2 ^ C/ cm 2 k\^m^vtn 

o^SISfr ^ y r^fe^fi, 5/iC/c m 2 £JLha>*BI 

40 J&OimfZitxmt) ($g2m&l£jl) dS2To r r-2 
0 T o r r <Ojfi|ffl"C*a«ffif* «Q^5/xC/c m 2 ^ 

r. <Dm 2 mats.** j^sb t m^mm Litm 
m&^$tm^i&&h&fc^h&zk*mm'?zx^ 

[0 0 7 6] H2 5tt, JB2j|JS*©#ffl*^ffi^ 
50 f2KffW2Toi r~200TorrO 
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ffiia-c, 2 5 k v/cmififf©^J^^-^tiotv^5o 

[0 0 7 7] H2 6tt, *2**©#ffl»^flEA <SS 

fcteivrt, 1 0^1 O- s ■&<ofi0*ffi*s#5>i^TV^ 

[0 0 7 8] H2 7I4, Jg2«/£cD#[ffl^;tf;*J±# (jg 

0 2 7fc:*3Vvc, a, b, c s d, e, f tt-ttL 
-Ptbff 2«5sfiEffi^^ 7 6 0 T o r r , 2 0 0 T o r r , 
20Tor r> lOTorr, 2Torr, lTorr 

2 0 (deg) XhV, tfMttliWr&ft (fflStSfc*) 

i^#Tn^^^^2^i±^f^oV^TlHlSf 

02 7*, SBT (0 0 8) , SBT (105) , 
SBT (110) , RXfSBT (2 0 0) ttS r B i 2 
Ta 2 0 9 (SBT) tCiz^lHlJfTt: 0 -^, 6-TaO (0 
01) M5-TaO (001) tt«*BTaOfc:J;<5[§I 

Sftr-^ s i ttv/y 3 vX*fc<fc5[giiTfc'~^ pt 

[0 0 7 9] EI 2 7 2To r r-200To 

rr(Dt(OT1j:SBT(OMlt^^ (SBT (0 0 
8) , SBT (105) , SBT (110) , SBT 

(2 0 0) ) &mvr&*)^ lTorrOt©tliSB 
Tt°-^(^<TaO©tW (5-TaO (0 0 
1) , fi-TaO (00 2) ) f>mtlX\,^Z> 0 ^LT N 
7 6 0TorrOt©m SBTt°-^^g[^ D 

-K^&oT*59, T^^r^^ftJglfcftoTv^ 
^>t^t#x^^^ 0 r<oxlftIiI*f<o**jie*HJ:tt 
tf, f$2fgtJ$,<D&mfS.tfX&*lk LTfi, 2Torr — 
2 0 0Tor rOfSfflm^ S B T tT— ^ Sr^-f JK 

[0 0 8 0] EH2 8W:, *2««©#HSC^ffiA (« 

5 0 82 8H, SBTJBSft^ttEPMA^JiSaO^bfc 
IS*, TaJMMS r«a^g^»2«gfiE£E^tcft#-li:-r 
(J^-efeofcOI^LT, B i«Wft^*2«&«ffiA 
(-tt#LT^kL^cO-e, B i/TaWSr/Ta© 
»^JtSr^7 7'fkLfct<D-e*)5o E28{citutf, B 
i /T a OlffHc, 7 6 0 T o r r T?ttlS3(SKtii*©iiaj« 
Jt (Bi/Ta = 2. 4/2=1. 2) i: fcfflU 
5, 2To r r*t?tt»2jS^£E^OffiTtem^«^ 
fc«4>U 5TorriS§T^F^W^MJ (Bi/ 
Ta = 1. 0) i*oT^6 B 

[0 0 8 1] tit, *2«&«ffi^^lTo r r tftt, 
B i/Ta©^i[^»^^:/J^S<^:oTV^6 0 ;i<D<fc5ft 

b iffi^^n, i2g«cB i <dw&x\*w&^ 

£5ftB i ftrt©*#4f ft*»2 jSfllffiA 1 T o r r 
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<oh<o xmmmm* ^ t a, ^ft tcmmxhz 

St XT a fc»S»£-j£-C\ iS3PKfcii*<Otf^it (Sr/ 
Ta = l/2 = 0. 5) 4:ia^C"Cfco*: 0 
[0 0 8 2] ft3b\ ±^<Dm 1 C0|feft(D»ffiK*5 
V^T. 3»R«ft:}»M(D«-3(SFi:LTSBT (SrBi 2 T 

a 2 o 9 ) &mwc*K ttn\xzti\z.mfeztizt><D'?iz 

ft<, SrMBi^*, TaXf^T i <£>4>ft< t fc 
10 V^^-*Sr-&tMk-S4fc"C*>5 S r B i 2 (T i , N 
b ) 2 0<k SrBiJi 4 0 15 , S r B i 4 (T i , Z 
r) 4 0 1 5^£ : £LlK, ^fcrtbfecDffe^ SrBi 2 
Nb 2 0 9 , Biji 3 0 12 , CaBiJaA, Ba 
Bi 2 Ta 2 0 9> BaBi 2 Nb 2 0 9 , PbBi 2 Ta 2 0 
9 ft if <0 /;^;H!feXttMO D j£T?^JR plfgft 

[0 0 8 3] 

l^*^XSlc±oailSI«#j»a^^L*:«. 12 
©SJoaigiL-c, iMHJ;9ffiv^;*j±;ft#[gM* 

[0 0 8 4] iQPjftfclWu ffi*©«je*8fe<D*3V^T6 
5 0 tHT^IMStlifJ A/ if m Alt Lfti vhfc, 
»R«fM*y i bTj6M5*4*ttfir#Sfc»fcH:7 3 0 

ts^Kit^j; 19 1 o ox:sx±(Dj&mt^mt^ 

40 JfiSrffll *fc£«ffc# prtB <k ft £ c 

[0 0 8 5] ^K^9fttt«^iVni*^o9)(i&^ 

[Hp5<Dffi#ftiftPj] 

[m 1 ] ± s3ftRn^i«R»^os 1 o^jgco 

50 tXgit*^ 0 
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[04] mi(ommm^mmmT-<Dm2m^.m.mcM-r 
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[El 1 9 ] El 1 8 ©SfiBSWtfM ^ y ©MXSo-aj^ 

[El 2 0] Ell 8(OSBT3Sit^^y M3 V£>mjEE* 
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•f 5 HO X »|§|$r^ * - > Sr*1- 0 T- fo S 0 
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